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Abstract 

Deep X-ray surveys have shown that the cosmic X-ray 

bar-WrpnnH (YRR) is larcrply Hup tn tbp arr-rptinn nntn sn- 



pprmaJsivp hlaplr bnlpg intpcrratpH nvpr rnsmip t.imp TVip 

ROSAT, Chandra and XMM-Newton satellites have re- 
solved more than 80% of the 0.1-10 keV X-ray back- 
ground into discrete sources. Optical spectroscopic identi- 
fications are about 90% and 60% complete, for the deep- 
est ROSAT and Chandra /XMM-Newton surveys, respec- 
tively, and show that the sources producing the bulk of 
the X-ray background are a mixture of obscured (type-2) 
and unobscured (type-1) AGNs, as predicted by the XRB 
population synthesis models, following the unified AGN 
scenarios. The characteristic hard spectrum of the XRB 
can be explained if most of the AGN are heavily absorbed, 
and in particular a class of highly luminous type-2 AGN, 
so called QSO-2s exist. The deep Chandra and XMM- 
Newton surveys have recently detected several examples 
of QSO-2s. The space density of the X-ray selected AGN, 
as determined from ROSAT surveys does not seem to de- 
cline as rapidly as that of optically selected QSO, however, 
the statistics of the high-redshift samples is still rather 
poor. The new Chandra and XMM-Newton surveys at sig- 
nificantly fainter fluxes are starting to provide additional 
constraints here, but the preliminary observed redshift dis- 
tribution peaks at much lower redshifts (z=0.5-0.7) than 
the predictions based on the ROSAT luminosity function. 



source densities of about 4000 deg 2 . Surveys in the very 
hard (5-10 keV) band have been pioneered using Bep- 
poSAX, wh ich resolved about 30% of the XRB flFiorc 
et al. 1999). XMM-Newton and Chandra have now also 



resolved the majority (60-70%) of the very hard X-ray 
background. The Log N-Log S distribution shows a sig- 
nificant cosmological flattening in the softer bands (see 
Figure |^) , while in the very hard band it is still relatively 
steep, indicating that those surveys have not yet sampled 
the redshifts where the strong cosmological evolution of 
the sources saturates. 

Optical followup programs with 8-10m telescopes have 
been completed for the ROSAT deep surveys and find pre- 
dominantly Active Galactic Nuclei (AGN) as counterparts 



of the faint X-ray sour ce population (jSchmidt ct al. 1998 
[Zamorani et al. 199S ; Lchmann ct al. 2001) mainly X 



ray and optically unobscured AGN (type-1 Seyferts and 
QSOs) and a smaller fraction of obscured AGN (type-2 
Seyferts). Optical identifications for the deepest Chandra 
and XMM-Newton fields are still far from complete, how- 
ever a mixture of obscured and unobscured AGN with an 
increasing fraction of obscuration seems to be the domi 
nant population in t hese samples, too flFiorc et al . 2000 



Barger et al. 20014 fTozzi ct al. 200 1| ; [Rosati et al. 2002 



see below). Interestingly, first examples of the long-sought 
class of high-redshift, high luminosity, heavily obscured 
active galactic nuclei (t ype-2 QSO) have b e en detected 
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in de ep Chandra fields ( [Norman et al. 2002| ; |Stcrn et al 
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man Hole field (Hasinger et al. 2001b) 



1. Introduction 

Deep X-ray surveys indicate that the cosmic X-ray back- 
ground (XRB) is largely due to accretion onto supermas- 
sive black holes, integrated over cosmic time. In the soft 
(0.5-2 keV) band more than 90% of the XRB flux has 
been resolved using a 1.4 Msec observation with ROSAT 



After having understood the basic contributions to the 
X-ray background, the general interest is now focussing 
on understanding the physical nature of these sources, 
the cosmological evolution of their properties, and their 
role in models of galaxy evolution. We know that basi- 
cally every galaxy with a spheroidal component in the 
local universe has a supermassive black hole in its cen- 



( Hasinger et al. 1998) and recently two 1 Msec Chandra 
observations (Rosati et al. 2002; Brandt et al. 2001b) and 



ter (Gebhardt et al. 2000). The luminosity function of 
X-ray selected AGN shows strong cosmological density 
evolution at redshifts up to 2, which goes hand in hand 



with the cosmic star formation history (Miyaji et al. 2000 



a 100 ksec observation with XMM-Newton (Hasinger ct 
al. 2001a| ) (see Figure g). In the harder (2-10 keV) band a 
similar fraction of the background has been resolved with 
the above Chandra and XMM-Newton surveys, reaching 



Miyaji et al. 2001). At the redshift peak of optically se- 
lected QSOs around z=2.5 the AGN space density is sev- 
eral hundred times higher than locally, which is in line 
with the assumption that most galaxies have been active 
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Figure 1. Chandra ACIS-I image of the Chandra Deep Field S outh (left, \Rosati et al. 200% ) and XMM-Newton EPIC 
image of the Lockman Hole field (right, Hasinger et al. 200 1<\ ). The field sizes are about 20 x 20 arcmin and 30 x 30 
arcmin, respectively. The colours refer to photons detected in different energy bands: red, green and blue correspond to 
the soft, medium and hard X-ray range, respectively. 



in the past and that the feeding of their black holes is dust particles in the strong radiation field (Granato et al 



reflected in the X-ray background. While the comoving 1997). This might provide objects which are heavily ab 



space density of optically and radio- selected QSO declines 



significantly beyond a redshift of 3 (Schmidt et al 
Fan et al. 200l|; fBhaver et al. 1996|) 



1995| ; 

a similar decline has 



not yet been observed in the X-ray selected AGN popula- 



tion (Miyaji et al. 2000), although the statistical quality 



of the high-redshift AGN samples needs to be improved. 



sorbed at X-rays and unobscured at optical wavelengths. 

In this paper I shortly discuss the current status of the 
optical identification work in the RO SAT /XMM-Newton/ 
Chandra deep survey in the Lockman Hole, which is largely 
based on optical work with the Keck telescope led by 
Maarten Schmidt (see Schmidt et al. 1998 and Hasingei 



The nt w Chandra and XMM-Newton surveys are bound et al. 2001b for more detail). I also present preliminary re- 



to give additional constraints here. 

The X-ray observations have so far been about con- 
sistent with pop ulation synthesis mod e ls based on unifie d 
AGN schemes ( |Comastri et al. 1995| ; |Gilli et al. 200l|) , 
which explain the hard spectrum of the X-ray background 
by a mixture of absorbed and unabsorbed AGN, folded 
with the corresponding luminosity function and its cosmo- 
logical evolution. According to these models, most AGN 
spectra are heavily absorbed and about 80% of the light 
produced by accretion will be absorbed by gas and dust 
(Fabian et al. 1998). However, these models are far from 
unique and contain a number of hidden assumptions, so 
that their predictive power remains limited until com- 
plete samples of spectroscopically classified hard X-ray 
sources are available. In particular they require a sub- 
stantial contribution of high-luminosity obscured X-ray 
sources (type-2 QSOs), which so far have only scarcely 
been detected. The cosmic history of obscuration and its 
potential dependence on intrinsic source luminosity re- 



main completely unknown. Gilli et al. (2001) e.g. assumed 
strong evolution of the obscuration fraction (ratio of type- 
2/type-l AGN) from 4:1 in the local universe to much 
larger covering fractions (10:1) at high redshifts (see also 



Fabian et al. 1998). The gas to dust ratio in high-redshift, 



high luminosity AGN could be completely different from 
the usually assumed galactic value due to sputtering of the 



suits of optical identifications in the Chandra Deep Field 
South, obtai ned with the ESQ V LT, whic h will be formally 



published in Szokoly et al. 2002 (see also Pozzi et al. 2001 



Rosati et al. 2002] ). I then discuss the results and try to 



come to some tentative conclusions about the evolution of 
X-ray sources at high redshifts. 

2. Optical identifications of deep X-ray surveys 

2.1. The Lockman Hole field 

The Lockman Hole field has been observed with the XMM- 
Newton observatory during the performance verification 
phase (see Figure |l]a). About 100 ksec good data, centered 
on the same sky position as the ROSAT HRI pointing, 
have been accumulated with the European Photon Imag- 
ing Camera (EPIC) reaching minimum fluxes of 0.31, 1.4 
and 2.4 • 10~ 15 erg cm" 2 s" 1 in the 0.5-2, 2-10 and 5-10 
keV energy bands. Within an off-axis angle of 10 arcmin 
148, 112 and 61 sources, respectively, have been detected. 
In the 5-10 keV energy band a somewhat lower sensitivity 
compared to the lMsec Chandra Deep Field South obser- 
vation has been reached (see Rosati et al. 2002]), resolving 
^60 % of the very hard X-ray background (Hasinger et 
|al. 2001a ). This is about a factor of 20 more sensitive than 
the previous BeppoSAX observations. A total of 300 ksec 
observations of the Lockman Hole has been accumulated 
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with the Chandra HRC in the 0.5-7.0 keV band, reaching a 
similar flux limit compared to the XMM-Newton pointing 



(Murray et al. 2002). The Chandra HRC data provide very 
accurate source positions, whereas XMM-Newton allows 
spectrophotometry of very faint intrinsically absorbed X- 
ray sources due to its unprecedented sensitivity in the hard 
band. 
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The optical counterparts for ~60 X-ray sources are al- 
ready known from the spectroscopic identification of the 



ROSAT Ultradeep Survey sample (Lehmann et al. 2001). 
Among them are one of the most distant X-ray selected 
quasars at z = 4.45 (Schneider et al. 1998) and one of 
the highest redshift, probably merging cluster of galaxies 
at z = 1.26 (Hasinger et al. 1999; Thompson et al. 2001 



Hashimoto et al. 200S). We have identified 25 new XMM- 



Newton sources using low-resolution multi-slit mask spec- 
tra taken with the LRIS instrument at t he Keck II tele- 
scope in March 2001 (PI: M. Schmidt; Lehmann et al 



2002 ). Among the new XMM sources we have found only 



a few new broad emission line AGNs (type-1), while the 
optical spectra of most new sources show narrow emission 
lines and/or only galaxy-like continuum emission at red- 
shifts z < 1.0. In several cases high ionisation emission 
lines like [Ne V] A3426 are absent and thus we see no sign 
for AGN activity in the optical spectrum, however, their 
high X-ray luminosity (Lx > 10 43 erg s -1 ) and/or the 
strong intrinsic absorption (log N# > 22.0 cm -2 ) reveal 
a type-2 AGN in these sources. Three new sources show- 
ing typical galaxy spectra, have been detected only in the 
0.5-2.0 keV band. Due to their relatively low X-ray lu- 
minosities (log Lx < 42.0) and their soft X-ray spectra 
(no indication for intrinsic absorption) we classify them 
as normal galaxies. Several sources with X-ray luminosi- 
ties in the range of 42.0 < log Lx < 43.0, which show 
galaxy-like optical spectra, are hard to classify due to the 
small number of photons in their X-ray spectra. We pre- 
liminarily classify them as type-2 AGN/galaxy. The com- 
pleteness of the identification ranges from 61% in the soft 
sample to 79% in the ultra h ard sample (5-10 keV energy 
band) ( Lehmann et al. 200S ). The majority of the so far 
spectroscopically identified sources are type-1 and type-2 
AGNs. Although we have no complete identification so far 
we find a strong indication for a larger fraction of type-2 
AGNs, especially in the ultra hard sample, compared to 
that (~20%) of the UDS. Nearly all spectroscopically iden- 
tified type-2 AGNs are at moderate redshift (z < 1). One 
type-2 QSO candidate (X174A) at z = 3.240 has been 



Figure 2. Top: Log N-Log S in the soft ( 0. 5-2. ke V), identified in the Lockman Hole region so far ( Hasinger et 



hard (2-10 keV) and very hard (5-10 keV) energy band 
from the 940 ksec Chandra Deep Field South observation 



al. 20011;). 



(Rosati et al. 200i ). The dashed lines in the soft and very 
hard band are source counts from the Lockman Hole field 
from ROSAT ^Hasinger et al. 1~99~\) and XMM-Newton 
( Hasinger et al. 2001a ), respecti vely; in the hard band 



they refer to the ASCA survey by Cagnoni et al. (1998 
The thin solid lines give the source counts p redicted by 



the most recent background synthesis models (GiUietal 
200iJ~\Bottom: fluctuation analysis from the HDF-N and 



CDFS megasecond Chandra observations from Miyaji et 
al. ( 2t\02\ At the faintest fluxes there is a significant 



source count excess above the predictions of the Gilli et al,_ 
(200 1]^ AGN background population synthesis model (solid 
line), which is most likely due to normal galaxies. 



Most of the unidentified faint XMM-Newton sources 
have very faint optical counterparts (R > 24.0) and at 
least half of them are extremely red objects (EROs, R — 
K' > 5.0, see also [Bergeron et al. 2002| ). The new XMM- 
Newton sources with EROs as optical counterparts are 
similar to those objects in the UDS with photometric red- 
shifts suggesting obscured AGNs at redshifts 1 < z < 3. 
The photometric redshift technique is probably the only 
tool to identify such faint optical objects. The XMM- 
Newton source population at faint fluxes is therefore likely 
dominated by obscured AGNs (type-2), as predicted by 
the AGN population synthesis models for the X-ray back- 
ground. 
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Figure 3. Optical spectra of some selected CDFS sources 
obtained using multiobject-spectroscopy with FORS at 
the VLT ( \Szokoly et al. 200i ). a: broad absorption line 
(BAL) QSO CDFS-062 at z=2.822 (see also \Giaccom7t 
al. 20^); b: high-redshift QSO CDFS-024 at z=3.605, 
showing strong absorption lines; c: QSO-2 CDFS-202 at 
z=3.700 (see \Norman et al. 2002\) ; d: Seyfert-2 CDFS- 
175b at z—0.522, showing a weak high excitation line of 
[NeV]. 



2.2. The Chandra Deep Field South (CDFS) 

The Chandra X-ray Observatory has performed deep X- 
ray surveys in a number of fields with ever increasing ex- 



posurc times ( 


Mushotzky et al. 200C ; 


Bornschemeier et al. 


2000(; |Giacconi et al. 2001 


;|Tozzi et al. 2001; 


Brandt et al. 


2001a|) and has recently completed two 1 Megasec Chan- 
dra exposures, in the Chandra Deep Field South (CDFS, 



Giacconi et al. 2002; Rosati et al. 2002) and in the Hub- 
ble Deep Field North (HDF-N, |Brandt et al. 2001% the 
latter exposure is currently being increased to 2 Megasec. 

Bere I discuss results from the 940 ksec CDFS observa- 
tion. The source counts (see Figure 0) have been extended 



to 5.5 x 10~ 17 erg cm~ 2 s _1 in the soft 0.5-2 keV band 
and 4.5 x 10~ 16 erg cm~ 2 s _1 in the hard 2-10 keV band, 
reaching a space density of almost 4000 deg~ 2 , resolving 
> 80% of the background in both bands. A total of 346 



sources has been detected (Fozzi et al. 2001; Rosati et al 
2002] ) 



Deep optical imaging and multiobject spectroscopy has 
been performed in 12 nights with the ESO Very Large 
Telescope (VLT) in the time frame April 2000 - December 
2001, using the FORS instruments with individual expo- 
sure times ranging from 1-5 hours. Some preliminary re- 
sults including the VLT o ptical spectroscopy have already 
been presented elsewhere ( Norman et al. 2002 ; Tozzi et al 



2001; Rosati et al. 2002). A complete optical spectroscopy 
catalogue will be published by 3zokoly et al. (2002). Fig- 
ure U shows examples of 4 VLT spectra. The upper two 
spectra show high-redshift QSOs with restframe-UV ab- 
sorption features (BAL or mini-BAL QSOs), which both 
have some indication of intrinsic absorption in their X-ray 
spectra. The object in the lower left is the famous, high- 
est redshift type-2 QSO detected in the CDFS with heavy 



X-ra y absorption in the QSO rest frame (Norman et al 



2002 ). The spectrum in the lower right shows a Seyfert- 
galaxy with heavy X-ray absorption and an AGN-type 
luminosity. The latter spectrum is characteristic for the 
bulk of the detected galaxies, which show either no or very 
faint high excitation lines indicating the AGN nature of 
the object, so that we have to resort to a combination of 
optical and X-ray diagnostics to classify them as AGN 
(see below). Redshifts could be obtained so far for 169 
of the 360 sources in the CDFS, of which 123 are very 
reliable (high quality spectra with 2 or more spectral fea- 
tures), while the remaining optical spectra contain only a 
single emission line, or are too noisy. For objects fainter 
than R=24 reliable redshifts can be obtained (see also 
Figure ||), if the spectra contain strong emission lines. For 
the remaining optically faint objects we have to resort to 
photometric redshift techniques. About 11% of the CDFS 
sources have no counterpart even in deep VLT optical im- 
ages {R < 27.5) o r near-IR imaging (15% at K < 22) 
( Rosati et al. 200*2] ). Nevertheless, for a subsection of the 
sample at off-axis angles smaller than 8 arcmin we obtain 
a spectroscopic completeness of about 60%. 

2.3. Optical/X-ray classification 



Type-1 AGN (Seyfert-1 and QSOs) can be often read- 
ily identified by the broad permitted emission lines in 
their optical spectra. Luminous Seyfert-2 galaxies show 
strong forbidden emission lines and high excitation lines 
indicating photoionization by a hard continuum source. 
However, already in the spectroscopic identifications of 
the ROSAT Deep Surveys it became apparent, that an in- 
creasing fraction of faint X-ray selected AGN shows a sig- 
nificant, sometimes dominant contribution of stellar light 
from the host galaxy in their optical spectra, depending 
on the ratio of optical luminosity between nuclear and 



galaxy light (Lehmann et al. 2000; Lehmann et al. 2001) 



If an AGN is outshined by its host galaxy it is not pos- 
sible to detect it optically. Many of the counterparts of 
the faint X-ray sources detected by Chandra and XMM- 
Newton show optical spectra which are dominated by their 
host galaxy and only a minority has clear indications of 



an AGN nature (see also Barger et al. 2001a; Barger et al 
|2001bp . In these cases, the X-ray emission could still be 



dominated by the active galactic nucleus, while a contri- 
bution from stellar and thermal processes (hot gas from 
supernova remnants, starbursts and thermal halos, or a 
population of X-ray binaries) can be important as well. 
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Figure 4- Hardness ratio of CDFS and Lockman Hole 
Sources with redshifts as a function of X-ray luminosity. 
Filled circles correspond to type-1 A GN and are clustered 
in a narrow band of relatively soft hardness ratios. Open 
circles correspond to type-2 AGN, either classified through 
their o ptical spectra as Seyfert-2 galaxies, or through the 



tion and are computed assuming H$ = 50 km s 1 Mpc 1 
and qo = 0.5. 

Although this diagram is for illustration purposes only 
and a a correct treatment would have to properly take into 
account the different instrument characteristics and detec- 
tion bands, it clearly shows a segregation of the different 
X-ray emitters (indicated by the dashed elliptical out- 
lines. Type-1 AGNs have luminosities above 10 42 erg s _1 
and hardness ratios scattered around HR ~ —0.6, corre- 
sponding to a power law photon index around T — 1.9, 
typical for the intrinsic continuum of AGN. Type-2 AGN 
have observed luminosities above 10 40 ' 5 erg s _1 (intrinsi- 
cally higher), but are scattered to much larger hardness 
ratios {HR > -0.2). Direct spectral fits of the XMM- 
Newton and (some) Chandra spectra clearly indicate, that 
these harder spectra are due to neutral gas absorption and 



not due to a flatter intrinsic slope (Norman et al. 2002 



op 
iila 



combin ation of hard hardness ratio and high X ray lumi 

nosity. Open squares correspond to normal galaxies, clas- 
sified by their typically very soft X-ray spectrum and low 
X-ray luminosity. In particular in the range of soft hard- 
ness ratios (—0.7,HR,—0.3) and low X-ray luminosities 
(log(LX) < 42.5 ^ there are ambiguities in this classifica- 
tion. 



In these cases X-ray diagnostics in addition to the op- 
tical spectroscopy can be crucial to classify the source 
of the X-ray emission. AGN have typically (but not al- 
ways!) X-ray luminosities above 10 42 erg s _1 and power 
law spectra, often with significant intrinsic absorption. Lo- 
cal, well-studied starburst galaxies have integrated X-ray 



Basinger et al. 2001b; Bergeron et al. 2002; Mainieri et al 



2002). It is interesting to note that no high-luminosity, 



very hard sources exist in this diagram. This is due to 
a selection effect of the pencil beam surveys: due to the 
small solid angle, the rare high luminosity sources are only 
sampled at high redshifts, where the absorption cutoff of 
type-2 AGN is redshifted to softer X-ray energies. In- 



deed, the type-2 QSO s in this sample ( Norman et al. 2002| ; 
Lehmann et al. 2002 ) are the objects at Lx > 10 44 erg s _i 
and HR > 0. 

About 10% of the sources have optical spectra of nor- 
mal galaxies, X-ray luminosities below 10 42 erg s _1 and 
very soft spectra (HR ~ — 1), typical for starburst galax- 
ies or hot gas halos. The deep Chandra and XMM-Newton 
surveys therefore for the first time detect the population 
of normal starburst galaxies out to intermediate redshifts 
(Mushotzky et al. 200C; Giacconi et al. 2001; Lehmann 



lumino pTties-lypically below iu 1J erg s and very soft a- et aL 2 QQ2| ), for which a significant contributi on to the 



ray spectra. Thermal haloes of galaxies and the mtergalac- 
tic gasim groups can have higher X-ray luminosities, but 
has soft spectra as well. The redshift effect m addition 
helps the X-ray diagnostic, because soft X-ray spectra 
appear even softer already at moderate redshift, while the 
typical AGN power law spectra appear harder over a very 
wide range of redshifts. 

In Figure [| the X-ray hardness ratio is shown as a 
function of the X-ray luminosity (in the 0.5-2 keV, 2-10 
keV, or 0.5-10 keV band, depending on in which band the 
object was detected) for 170 sources for which we have op- 
tical spectra and reliable redshifts in the CDFS (Bzokoly 
et al. 2j002|; see also Rosati et al. 2002) and the Lockman 
Hole (Lehmann et al. 2001: Lehmann et al. 2002| ) for X- 
ray sources detected by Chandra and XMM-Newton, re- 
spectively. The hardness ratio is defined as HR = (H — 
S) I (H + S) where H and S are the net count rates in 
the hard (2-7 keV for Chandra and 2-4.5 keV for XMM- 
Newton) and the soft band (0.5-2 keV), respectively. The 
X-ray luminosities are not corrected for internal absorp- 



XRB had been claimed for a long time (e.g. McBardy 
et al. 1998| ). Those galaxies, however, appear at much 



lower fluxes and therefore produce an almost negligible 
contribution to the background. They might become an 
important means to study the star formation history in 
the universe completely independently from optical/UV, 
sub-mm or radio observations. Bowever, in the X-ray lu- 
minosity range around 10 42 erg s _1 , where the emission 
from star forming processes and the central AGN may be 
comparable, there will always remain ambiguities. 

The joint optical/X-ray diagnostics scheme can also be 
applied to the spectroscopically identified X-ray sources 
in other deep Chandra fields in order to obtain an as com- 
plete sample of faint X-ray source classification as pos- 
sible. Table 1 gives a summary of optical identifications 
and X-ray source types in the two deep fields discussed 
here, as well as in the Hawaii 13hr field, the Abell 370 
cluster field and the Hubble Deep Field North which all 
have spectroscopical l y identified samples in the literature 
( |Barger et al. 200 la| ; |Bargcr et al. 2001b[ ). 
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Table 1. Chandra and XMM-Newton Survey Identifica- 
tions 



Field 


AGN1 


AGN2 


Gal. 


Reference 


LHole 


41 


26 


7 


Lehmann et al. 2002 




CDFS 


47 


73 


49 


Szokoly et al. 2002 


Abell370 


9 


5 


6 


Barger et al. 2001b| 


13hr a 


5 


7 


1 


Barger et al. 2001a| 


HDF-N a 


10 


10 





Barger et al. 2001b| 
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Figure 5. Top: Optical magnitudes of AGN and galaxies 
from all the samples in table 1 as a function of redshift. R- 
magnitudes are taken from the Lockman Hole ( Lehmann 
et al. 1 001; Lehmann et al. 200i.) and the CDFS samples 



objects, where the strongest emission lines ([Oil], Ly Q ) 
fall outside the optical bands. On the other hand, the 
optically faintest identified sources (R=24-25) are dis- 
tributed throughout the whole redshift range z=0-4 (see 
Figure |^), therefore there is reason to believe that a sub- 
stantial fraction of the so far unidentified sources follows 
the same redshift distribution as the identified sources. 
The completeness of 60% therefore allows to compare the 
redshift distribution with predictions from X-ray back - 
ground population synthesis models ( Gilli et al. 2001 ), 
based on the AGN X-ray luminosity function a nd its evo- 
lution as determined from the ROSAT surveys ( Miyaji et 



(Giacconi et al. 200i). For the Hawaii IShr (Barger et 



al. 20Cljy, Abell 370, and HDF-N samples /[Barger et al 
2001a) where only I magnitudes are given, a colour of R- 
1=1 has been assumed. Bottom: the CDFS sample in the 
redshift range 0.6-0.8. An accumulation of objects in two 
redshift bins around z=0. 7 is due to large scale structure 
in the CDFS. 



3. The new redshift distribution 

All the above samples have a spectroscopic completeness 
of about 60%, which is mainly caused by the fact that 
about 40% of the counterparts are optically too faint to 
obtain reliable spectra. This incompleteness is probably 
also reflecting some redshift bias, most likely higher red- 
shift objects are missing, as well as faint emission line 



al. 2000), which predict a maximum at redshifts around 
z=1.5. Figure || sh ows two predictio ns of the redshift dis- 
tribution from the Gilli ct al. (2001) model for a flux limit 
of 2.3 x 10" 16 erg cm" 2 s _1 in the 0.5-2 keV band with 
different assumptions for the high-redshi ft evolution of the 
QSO space density. The two models from Gilli et al. (2001) 
have been normalized at the peak of the distribution. 

The actually observed redshift distribution does not 
vary significantly within the flux limit range covered by 
the samples in table 1, therefore the total observed red- 
shift distribution is shown in Figure || for the total num- 
ber of ~ 300 sources in all samples. The observed redshift 
distribution, arbitrarily normalized to roughly fit the pop- 
ulation synthesis models in the redshift range 1.5-3 keV 
is radically different from the prediction, with a peak at 
a redshift in the range 0.5-0.7. This is still the case, if 
the objects belonging to the large scale structures around 
z=0.7 in the CDFS are removed. The total number of ob- 
jects at redshift less than 1 is significantly higher than the 
model predictions, even ignoring the 40% spectroscopic in- 
completeness. The peak at redshifts below 1 is also signifi- 
cant, if the normal star forming galaxies in the sample are 
removed. This clearly demonstrates that the population 
synthesis models will have to be modified to incorporate 
different luminosity functions and evolutionary scenarios 
for intermediate-redshift, low-luminosity AGN. 

4. The AGN evolution at high redshift 

The comparison between the observed and predicted N(z) 
distributions at high redshifts is complicated by the pos- 
sible existence of large-scale structure in the pencil beam 
survey (there is e.g. a possibly significant excess of ob- 
jects around z=2.5 in the CDFS), but also by redshift - 
dependent selection effects and in general by the still rela- 
tively small volume sampled and therefore poor counting 
statistics in the number of objects. In addition, the overall 
normalization of the curves is uncertain because of the sig- 
nificant mismatch of the distribution at low z. Neverthe- 
less, the observed distribution is roughly consistent with 
both predictions in the redshift range z=1.6-3.8. There is, 
however, a significant discrepancy between the observed 
distribution and the constant space density model (dot- 
ted line) at redshifts above 4, where only one object was 
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Chandra/XMM-Newton Redshift Distribution 



I 




Figure 6. Redshift distribution of ~ 300 X-ray selected 
AGN and galaxies in the deep Chandra and XMM-Newton 
survey samples given in table 1 (solid circles and his- 
togram), compared to model predictions from population 
synthesis models (Gilli et al. 2001). The dashed line shows 
the prediction for a model, where the commoving space 
density of high-redshift QSO follows the decline above 
Z=2.7 observed in optical samples (Schmidt et al. 199 
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Fan et al. 2001). The dotted line shows a prediction with 
a constant space density for z > 1.5. The two model curves 
have been normalized to their peak at z—1, while the ob- 
served distribution has been normalized to roughly fit the 
models in the redshift range 1.7-3. 



log (F x /erg s -1 cm -2 ) 

Figure 7. Prediction of the number density of AGN with 
redshits larger than 5, 7 and 10, respectively as a function 
of flux in a typical 17 x 17 arcmin Chandra field of view 
from Haiman & Loeb (1999% Upper limits measured in 
X-ray surveys at various flux limits are indicated. 



the ROSAT Bright Survey (RBS, |Schwope et al. 20001) 
has a redshift of 2.8, the lack of higher redshift objects is, 
however, not constraining given the high flux limit of this 
survey. The lack of z > 5 AGN in the ROSAT Deep and 



detected, while about 8 objects would be predicted. From Ultradeep Surveys (Schmidt et al. 1998; Lchmann et al 



Figure I it becomes apparent, that the dearth of X-ray 
selected AGN is probably not due to optical spectroscopic 
selection effects. The one object detected at z=4.45 al- 



2000 



Lchmann et al. 2001) is still just consistent with the 



Haiman & Loeb predictions, the highest-redshift object 



ready :n the ROSAT data of the Lockman Hole (Schnci- der et al. 1998) 



in the UPS is RX J105225.9+571905 at z=4.45 (Schnci 



der et al. 1998) has an optical magnitude of R=23 and 
is therefore not at the spectroscopic limit of the samples. 
Also the Ly a and CIV lines for QSOs in the redshift range 
4-5 fall well into the optical range. The observed redshift 
distribution therefore gives a strong indication for a de- 
cline of the QSO space density beyond a redshift of 3.8. 

A similar conclusion about a decline of the X-ray se- 
lected AGN space density at high redshifts can be ob- 
tained from the absence of QSOs with z > 5 in all X- 
ray survey samples so far. (There was a recent announce- 
ment of a QSO at z=5.2 in the Chandra observation of 
the HDF-N, but this does not change the conclusions 
discussed below). Figure ^ shows a prediction of num- 



ber counts for high-redshift QSO from Haiman & Loeb 
(1999)| according to which a large number of z > 5 AGN 
should be detected in any deep survey with Chandra. This 
theoretical model assumes the X-ray luminosity function 
at z=3.5 determined from the ROSAT surveys and extrap- 
olates it backwards in time assuming a simple hierarchi- 
cal CDM model and a constant black hole mass fraction 
throughout. The figure also shows limits for the number 
counts of z > 5 AGN from X-ray surveys at varying flux 
limits. The most distant QSO among ~ 2000 objects in 



The Chandra Deep survey, while only 
about 60% spectroscopically identified, still provides an 
upper limit for the number counts of z > 5 AGN signif- 
icantly lower than the prediction, using the conservative 
assumption that less than half of the unidentified objects 
are at redshifts larger than 5. Finally, the 400 ksec Chan- 
dra observation in the Hubble Deep Field proper, provid- 
ing 100% identifications for 12 sources in the field and 
their highest redshift object at z=4.42 just outside the 
HDF-N also gives an upper limit about a factor of three 
lower than the Haiman & Loeb prediction. 

The information about the space density of X-ray se- 
lected AGN is still limited by the small number statistics 
in the deep X-ray surveys which cover too small a solid 
angle. More and wider fields have been surveyed by both 
Chandra and XMM-Newton. As soon as the tedious and 
time consuming optical follow-up work in these fields is 
completed, we will be able to learn more about the decline 
of the X-ray AGN and therefore their formation at early 
redshifts. The possible discrepancy between a declining 
space density of optical and radio-selected QSOs above a 
redshift of 2.7 and an apparently constant space density 
of X-ray selected AGN with a decline beyond a redshift 
of ~ 4 could still be understood in terms of the differ- 
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ent luminosity and therefore different black hole mass of 
the objects involved. The optical and radio surveys cover 
a large solid angle to a modest flux limit and therefore 
pick up only the most luminous and therefore most mas- 
sive objects at high redshift. The deep pencil beam sur- 
veys, on the other hand, sample a much smaller volume to 
much fainter flux limits and therefore select high-redshift 
AGN which are intrinsically a factor of more than 10 
less luminous and therefore probably less massive than 
the objects selected in wide-angle surveys. In the hier- 
archical large scale structure formation the smaller cold 
dark matter halos collapse earlier than the larger ones. 
Given the correlation between black hole mass and galaxy 
mass (and presumably dark matter mass), it is expected 
that the lower mass black holes are formed earlier than 
the most massive objects and thus that lower luminosity 
AGN appear earlier than th e most luminous QSOs (see 
Kauffmann fc Hachnclt 2000| ). This concept can be tested 
with more optical identifications of Chandra and XMM- 
Newton surveys and with future, even more sensitive X- 
ray telescopes, like the ES A/IS AS XEUS mission. 
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